Glucocorticoids are steroid hormones, secreted by the adrenal glands, that bind with high affinity to brain mineralocorticoid receptors (MR) and lower affinity to glucocorticoid receptors (GR). GR are widely distributed throughout the brain, whereas MR are mainly found in the hippocampus. Cortisol exerts predominantly its tonic influences via hippocampal MR, whereas feedback actions at the level of the pituitary as well as actions at the amygdala level are mediated by GR. In addition, glucocorticoid responsive elements are found in the regulatory regions of many genes in the brain. Glucocorticoids are involved in different processes such as glucose metabolism, inflammation, immunity, etc. The stress responsive hypothalamic pituitary adrenal (HPA) axis regulates glucocorticoid production and is implicated in the pathophysiology of anxiety and depression as well as in cognitive functioning or the development and relapse of psychotic disorders. Major depression may be associated with a dysregulation of MR and/or GR within the HPA axis; elevated HPA activity could be more often associated with depression with psychotic features. Elevated cortisol secretion has also been positively linked with symptom severity in people with psychotic disorders. Antiglucocorticoid and related drugs that target the HPA axis may be useful for the treatment of people with psychosis and were also studied in the treatment of depressive disorders or in the improvement of cognitive dysfunction associated with these disorders [1] . Moreover, inflammation plays a significant role in the pathophysiology of major psychiatric disorders.
Despite their well-known potent anti-inflammatory and immuno-suppressant properties in many medical conditions, corticosteroid treatments are often associated with neuropsychiatric complications, which remain poorly understood.
Corticosteroid treatments are mainly glucocorticoids: the most frequently used are hydrocortisone, cortisone, prednisone and its metabolite prednisolone, methylprednisolone or, dexamethasone (which has a longer half-life and higher anti-inflammatory properties). Up to 10% of medical/surgical inpatients received corticosteroids and 1-3% of the general adult population was maintained on long-term corticosteroids (at least 3 months) according to a British prevalence study. In the fifties, several authors reported that even after small doses of cortisone, almost all patients experienced some psychic change: increased joviality, optimism; psychostimulant effects were often observed [2] . Affective disorders (depression or mania), irritability, anxiety are the most common disorders observed; psychotic symptoms are frequently associated with mood disorders. Delirium as well as cognitive deficits (especially deficits in verbal or declarative memory) are also observed during both short-term and long-term treatment. In a metaanalysis of uncontrolled studies, Lewis and Smith [3] reported a weighted average of 6% of severe depression, mania and psychosis (including hallucinations) and a mean of 28% of mild to moderate psychiatric symptoms. As often observed in clinical cases of hypercortisolism (Cushing syndrome), major depression is often observed with long-term therapy, whereas manic symptoms are more often observed with pulse-dose or shortterm therapy. Yet, differentiating between corticosteroidinduced psychiatric disorders and central nervous system manifestations of inflammatory or immune diseases is not easy. Mood elevation often associated with corticosteroids can contribute to abuse of corticosteroids. Case reports of catatonia, panic attacks, or reversible dementia were observed. Corticoids may also precipitate suicidal behavior in depressive patients. Finally, corticosteroid use, especially the inhaled agents, is higher in obese than in non-obese individuals. Lewis and Smith [3] reported a median time to onset of neuropsychiatric adverse effects of 11.5 days. Most adverse effects not only are observed within days after treatment initiation but also may occur after treatment cessation [2] . Dosage appears as the most significant risk factor. In fact, the risk of psychiatric reaction is tenfold higher when 80 mg/day of prednisone is compared to 40 mg/day (Boston collaborative study, see [2] ). High doses of hydrocortisone (200-400 mg/day) prescribed in acute adrenal crisis may also be associated with mania. Female gender is also more often associated with depression. Although small studies did not support past psychiatric history as a risk factor, more recent large-scale epidemiologic studies did [4] . Other risk factors for neuropsychiatric symptoms are also damaged blood-brain barrier and hypoalbuminemia. All administration routes may be associated with neuropsychiatric adverse effects (including intra-nasal, topical, epidural or intra-articular administration). Ninety percent of patients will recover within 6 weeks (it may take longer for cognitive symptoms) [2] .
In contrast, in some cases, positive effects such as improvement of depressive disorders without occurrence of mania as well as improvement of cognitive symptoms related to the underling disease were observed during corticosteroid treatment. Moreover, glucocorticoid treatment reduces fearpotentiated startle and post traumatic stress disorders risk after trauma, perhaps by enhancing extinction and extinction retention [5] .
Treatment of neuropsychiatric side effects includes adjusting/discontinuing the corticosteroid treatment or prescribing psychotropic medications (mostly antipsychotics followed by mood stabilizers such as lithium, sodium valproate, lamotrigine, benzodiazepines or antidepressants). Psychoeducation of patients receiving corticosteroids plays also an important role.
The mechanism involved in these side effects remains poorly understood. In healthy subjects, cognitive dysfunctions as well as psychiatric symptoms were observed with corticosteroid or hydrocortisone treatment. Wolkowitz et al. [6] reported depression, mood elevation, irritability, insomnia, excessive talkativeness, increased appetite or, an inability to filter out distracting information in healthy controls receiving prednisone (80 mg/day). Reduction in hippocampal volume occurs even during brief exposure to corticosteroids, and hippocampal changes can be blocked by phenytoin. Some drug-drug interactions (e.g., through inhibition of the CYP-3A4 cytochrome) may increase corticosteroid levels and favor adverse effects. Brain lesions associated with numerous systemic diseases may increase the risk of neuropsychiatric adverse effects. Corticosteroids, which regulate the activity of the raphe-hippocampal serotoninergic pathway, may affect the serotoninergic system and therefore increase the risk for anxiety or depressive symptoms. Interestingly in healthy subjects, haloperidol and, to a lesser extent, aripiprazole can directly regulate the HPA axis and immune system through a pharmacological action via D2 receptor antagonism [7] . In animal models, corticoids are associated with apoptosis and neuronal death. Furthermore, corticosteroids induce an increased release of glutamate that induces neuronal toxicity due to accumulation effect [6] . Preclinical and clinical research indicates that excess corticosteroid is associated with adverse effects on the hippocampus. Animal model data suggest that N-methyl-D-aspartate (NMDA) receptor antagonists (memantine) or glutamate release inhibitors (phenytoin or lamotrigine) may block corticosteroid effect on the hippocampus [8] . These compounds might be useful to prevent adverse effects of corticosteroid treatments.
Finally, the effects of glucocorticoids are mediated by both genomic (with a slow onset) and non-genomic (with a rapid onset and a short duration) mechanisms. Genomic mechanisms implicate the activation and/or repression of specific genes encoding anti-and pro-inflammatory proteins. The non-genomic mechanisms of glucocorticoid action remain poorly understood [9] . Polymorphisms of the GR gene (nuclear receptor subfamily three, group C, member 1:NR3C1) are known to be associated with variations in the GR function [10] . The activated GR/GC complex exerts its anti-inflammatory and immunosuppressive effects at the nucleus level, directly (via DNA binding) or indirectly (via protein interaction), by decreasing expression of pro-inflammatory genes (transrepression), or increasing expression of anti-inflammatory genes (transactivation). The hypothesis that the anti-inflammatory properties of glucocorticoids are mostly due to transrepression of synthesis of inflammatory mediators, whereas most of their adverse effects are associated with transactivation of genes involved in metabolic processes, led to the development of GR ligands which cause a receptor conformation preferring a GR/protein interaction and not a GR/DNA binding-dependent mechanism, so-called selective glucocorticoid receptor agonists (SEGRAs) [9] . Moreover, GR (but not MR) genetic variations accounted for a significant amount of variance in mean cortisol levels and severity of psychosis or cognitive dysfunction in depression [10] . Therefore, genetic alterations in this gene may account for some degree of inter-individual variability in the glucocorticoid response and steroid-related toxicity. This area of interest, which has been developed in other medical fields where metabolic adverse effects of corticosteriods are observed, is under-researched in psychiatry.
